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INTEGRATE D OPTICAL CHTP ^ 
This invention relates to an integrated optical chip mounted on a substrate. In 
particular, the invention relates to thin integrated optical chip structures capable of operating 
at high frequencies in excess of 10GHz. 

5 The term "integrated optics" refers in general to a class of devices for guiding and 

controlling light in thin film layers or in narrow waveguiding channels formed in suitable 
dielectric materials (crystal or glass). Integrated optical devices include optical waveguides, 
switches, polarisers, amplitude and phase modulators, and other functional devices. In 
system applications, several functional units may be combined ("integrated") on a single 

10 crystalline or glass substrate (an "optical chip"), and the devices may be connected to 
sources, detectors or other optical devices by means of optical fibre. 

As the demand for telecommunications services and bandwidth has boomed, the 
need for, and advantages of, external modulation in fibre-optic transmission systems has 
been firmly established. Lithium niobate is today one of the most important dielectric 

1 5 materials in the field of integrated optics, both for research and for technological 

applications. This importance is due to the strong correlation between the optical properties 
of the crystal, its refractive index, and the application of electric fields (electro-optic effect) 
and sound waves (acousto-optic effect). Lithium niobate external modulators provide both 
the required bandwidth and a means for minimizing the effects of dispersion that limit 

20 system performance. 

In order to improve the bandwidth, interest has increased in travelling wave 
electrode configurations, which achieve a close phase match between the optical and 
microwave signals. In lithium niobate Mach Zehnder interferometers, this has been achieved 
both by the use of a shielding plane and by the use of thick electrode structures. These 

25 devices have the potential for very broadband operation, but they are limited particularly by 
the electrical loss of the electrodes. One of the principal high frequency electrical loss 
mechanisms is attributed to a transverse resonance in the substrate of the chip. This effect 
has been observed with different electrode configurations and has been attributed to a 
coupling between the fundamental coplanar waveguide mode and a substrate mode - see 

30 "Electrical Loss Mechanisms in Travelling Wave LiNbOs Optical Modulators" by 

Gopalakrishnan, G.K.; Burns, W.K.; Buhner, C.H.; Electronics Letters, 1992. The authors 
demonstrate by simulation and experiments that the frequency at which mode coupling 
begins varies with substrate thickness. In order to achieve mode coupling at frequencies of 
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up to 10GHz, a substrate thickness of LOmm is satisfactory. However, in order to achieve 
mode coupling at frequencies greater than 40GHz, a substrate thickness of less than 0.25mm 
is necessary. 

Because of their fragility, the manufacturing processes used in the production of 
5 optical modulators using thin substrates becomes critical in all phases, including chip 
separation, testing and handling during assembly processes. Moreover, test specifications 
require devices to be able to withstand shocks of 500g. Using lithium niobate chips with a 
substrate thickness of 0.5rnm, the Applicant has found that around 80% are damaged during 
assembly, with the remainder being destroyed during shock testing. Telcordia specifications 

10 also require devices to be subject to thermal shocks and cycles. Lithium niobate exhibits 
anisotropic thermal expansion properties: that is to say the dimensional changes in the 
material associated with temperature variations are different in each direction within the 
crystal. Typical values of coefficients of thermal expansion (CTE) for an X-cut chip are 
15xl0" 6 /°C and 7xl0" 6 /°C in orthogonal directions in the same plane. Conventionally, 

15 stainless steel (CTE = 18xl0~ 6 /T) and an Fe-Ni-Co alloy known as Kovar™ (a trademark 
of Westinghouse Electric Corporation) (CTE = 5xl0" 6 /°C) have been used as substrates for 
mounting lithium niobate chips because their CTE values provide a close match to the CTE 
in selected directions of the lithium niobate. Although temperature induced stresses due to 
the mismatch of CTE in other directions are sustainable with LiNbC>3 chips of a thickness of 

20 around 1 .0mm, such stresses can lead to failure during thermal tests of the attachment 
between thinner lithium niobate chips and the substrate or to breakage of the brittle 
crystalline chip. 

US 4750800 describes a mounting structure for an integrated optical device chip 
wherein the mounting structure has similar thermal expansion properties to those of the chip 
25 in order to minimize stress transmission to the chip due to temperature fluctuations. Each 
individual chip is mounted on the substrate having a thickness at least ten times greater than 
the chip thickness. 

A further problem of chip design arises due to the pyroelectric effect, in which a 
charge differential develops in an X-cut chip across the face of a chip due to thermal 
30 variation. Such a charge differential can lead to an electrical discharge which can cause 
errors and distortion to signals processed by the chip. The electrical field that produces the 
voltage differences across the surface of the chip is caused by any change in the bulk 
temperature of the chip. A temperature gradient across the chip is not required to produce a 
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voltage difference due to the pyroelectric effect. This spontaneous polarization directed only 
along the z-axis of the crystal is produced whenever the temperature of the chip is changed 
from one value to another. The relation between small temperature variations and 
polarization is linear. 

5 US 60441 84 describes an integrated optical chip in which a surface is partially 

coated with a conductive coating to prevent a charge differential from developing across the 
surface. Conductive security dabs are used to increase reliability of the conductive paths at 
the edges of the surface joining the + and -Z faces of the chip. 

There remains a need to provide a thin crystalline integrated optical chip which is 
10 robust and capable of operating at frequencies in excess of 10GHz. 

According to a first aspect the invention, there is provided an integrated optical chip 
having a crystalline structure cut along parallel principle crystallographic planes and a 
thickness of less than 1.0mm, an optical signal pathway being disposed generally 
longitudinally in one of the cut surfaces of the chip. The chip is attached to a substrate 
1 5 material having similar coefficients of thermal expansion in the said principal 

crystallographic plane. A grounding plane disposed between the chip and substrate provides 
an electrically conductive path between opposite lateral surfaces of the chip, and the 
thickness of the substrate material is up to 1 .Omm. 

The operative frequency of the integrated optical chip is lower than the mode 
20 coupling frequency. By disposing the grounding plane between the thin chip and the 

substrate, the transverse resonant frequency of the composite chip is maintained at a high 
value, enabling the chip to operate at high frequencies in excess of 10GHz, while the 
composite chip-substrate structure retains improved strength for assembly and handling 
purposes. As a further effect, the electrically conductive path provided by the grounding 
25 plane between opposite exposed surfaces of the chip and substrate prevents a charge 

differential from developing across the surface of the chip, so avoiding pyroelectric effects. 

Preferably, the chip comprises lithium niobate and the substrate material comprises a 
ceramic thermoset polymer composite. 

Alternatively, the substrate material may comprise the same material as that of the 

30 chip. 

The chip may be attached to the substrate with adhesive. 

Preferably, the electrically conductive path comprises a metallised layer. 

20-09-2002 



Printed: 11-10-2002 



DESC 



02078898 



4 

According to a second aspect of the invention, there is provided a method of 
manufacturing an integrated optical chip, the chip having a crystalline structure cut along 
parallel principle crystallographic planes and a thickness of less than 1 .0mm, an optical 
signal pathway being disposed in one of the cut surfaces of the chip. The method comprises 

5 the steps of forming at least one optical signal pathway in one surface of a crystalline wafer 
cut along parallel principle crystallographic planes, applying an electrically conductive layer 
to the opposite surface of the crystalline wafer to that of the optical signal pathway, 
attaching a substrate material slab on the metallised surface of the crystalline wafer, the slab 
having a thickness less than 1 .Omm and similar coefficients of thermal expansion in the said 

10 principal crystallographic plane, dicing an individual composite chip on substrate from the 
wafer-slab structure, the composite chip comprising a substrate and at least one optical 
signal pathway extending generally longitudinally with respect to the composite chip , and 
applying an electrically conductive path to the lateral surfaces of the composite chip. 
Mounting the chip on the substrate prior to dicing the chip from the wafer-slab 

1 5 structure reduces the risk of breaking the chip as well as ininimizing the number of dicing 
steps required. 

The surface of the composite chip on which the optical signal pathway is formed and 
the longitudinal end surfaces between which the optical signal pathway extends may be 
masked prior to applying an electrically conductive path. 
20 Additional features and advantages of the invention will be set forth in the detailed 

description which follows, and in part will be readily apparent to those skilled in the art 
from the description or recognized by practicing the invention as described in the written 
description and claims hereof, as well as the appended drawings. It is to be understood that 
both the foregoing description and the following detailed description are merely exemplary 
25 of the invention, and are intended to provide an overview or framework to understanding the 
nature and character of the invention as it is claimed. 

The accompanying drawings are included to provide a further understanding of the 
invention, and are incorporated in and constitute a part of this specification. The drawings 
illustrate one or more embodiments of the invention, and together with the description serve 
30 to explain the principles and operation of the invention. 

Fig. 1 is a schematic diagram showing deposition of a conductive coating on a thin 
lithium niobate wafer; 

Fig. 2 is a schematic diagram showing bonding of the thin wafer of fig. 1 to a 
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suitable substrate slab; 

Fig. 3 is a schematic diagram showing a number of individual bonded chips on the 
wafer-slab structure of fig. 2; 

Fig. 4 is a schematic diagram showing masks on an individual bonded chip; and 

5 Fig. 5 is a schematic diagram showing deposition of a conductive coating on 

opposite sides of an individual bonded chip. 

Fig. 1 shows a lithium niobate wafer 1 having a thickness of around 0.5mm and on 
which have been formed a number of optical signal pathways with modulators in the lower 
surface 3 (as depicted) in a conventional manner known to those skilled in the art of 

10 integrated optical device manufacture. The wafer is cut with lower and upper surfaces 3, 5 
lying along principle crystallographic planes. The upper surface 5 of the wafer is sputtered 
with an electrically conductive coating of titanium by means of electron beam evaporation 
as indicated by arrows 7 in fig. 1 . The evaporation process employs low background 
pressures or around 10" 7 torr, a pre-evaporation step, and evaporation rates of 10-50 nm/min. 

15 This technique produces a mechanically stable and adherent metallic film a couple of 
hundred nm thick on the upper surface 5 to protect this surface from metal oxidation. 

After application of the conductive coating, a slab 1 1 comprising a second wafer of 
lithium niobate, also 0.5mm thick and cut along the same crystallographic planes as the 
lithium niobate wafer 1, is attached to the latter with the same crystallographic orientation 

20 using Epotek 301/2™ epoxy resin as shown in fig. 2, with the titanium coating 13 

sandwiched between the wafer 1 and slab 11. The thickness of the resin is minimised to 
reduce the risk of separation or cracking between the wafer 1 and the slab 1 1 . 

Individual composite chips on substrates 21 each comprising an optical signal 
pathway with modulator extending generally longitudinally as shown in fig. 3 are then diced 

25 from the wafer-slab structure. The thickness of the wafer-slab structure is around 1 .0mm, 
which ensures that the structure is sufficiently robust to withstand the dicing process as well 
as subsequent assembly steps. Finally a further electrically conductive coating, this time 
comprising a composite layer of lOOnm of titanium and 200nm of gold, is deposited on the 
lateral surfaces of the composite chip by the same electron beam evaporation process 

30 described above as indicated by arrows 43 in fig. 5. Prior to coating, a photoresist mask 31 
(fig. 4) may be applied to the surface of the composite chip on which the optical signal 
pathway is formed and the longitudinal end surfaces between which the optical signal 
pathway extends, to leave the lateral surfaces of both the lithium niobate chip 33 and 
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substrate 35 exposed. Alternatively, the chip may be mounted during the electron beam 
evaporation process such that only the lateral surfaces are exposed, the other surfaces lying 
in shadow with respect to the evaporation process. 

The thin integrated optical chip so formed can operate at high frequencies in excess 

5 of 10GHz, while the substrate to which it is bonded gives the composite chip structure a 
total thickness of around 1.0mm which not only provides improved strength for assembly 
and handling purposes, but also provides sufficient strength to withstand thermo-mechanical 
shock testing at 500g as described above. Temperature induced stresses due to a mismatch 
of CTE between the chip and substrate are eliminated by use of a substrate of the same 

10 material and crystallographic orientation as the chip. The electrically conductive coating 13 
sandwiched between the chip 33 and substrate 35 prevents the thickness of the substrate 35 
from affecting the transverse resonant frequency of the chip. Furthermore, the electrically 
conductive pathways provided between all exposed surfaces of the composite chip by virtue 
of the coating (grounding plane) 13 sandwiched between the chip 33 and substrate 35, and 

1 5 the metallised layers applied to the lateral surfaces of the chip 33 and substrate 35, prevent 
development of charge differentials across the surfaces of the composite structure and so 
reduce the errors and distortions (bias drift) that can otherwise arise during operation of the 
chip due, for example, to the pyroelectric effect. As a result, significant improvements are 
observed in terms of yield from the manufacturing process, and mechanical reliability of the 

20 optical chip. 

Lithium niobate represents the best choice of material for the substrate of a lithium 
niobate chip as described above since it provides identical CTE values to those of the wafer 
1, to minimise thermal strain of the composite chip. However, it will be clear to those 
skilled in the art of integrated optical chip design that the invention described herein may be 

25 equally applicable to integrated optical chips made of other materials. Furthermore, 

alternative insulating materials having CTE values at least similar to those of the wafer 1 in 
the longitudinal direction of the individual bonded chips (as depicted by the arrow 23 in fig. 
3) might also be suitable for the material of the slab 11. Alternative materials suitable for 
use with lithium niobate chips include a temperature stable ceramic thermoset composite 

30 sold under the trademark TMM6 by Rogers Corporation, Chandler, Arizona, USA. 

The electron beam evaporation process described above is used to produce 
conductive coatings of titanium and gold because both are easily evaporated due to their low 
vapour deposition pressures and have low electrical resistivities, titanium providing good 
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adhesion with respect to lithium niobate, and gold preventing oxidation of the titanium. 
However, the process could equally be used for conductive coatings of aluminium, nickel, 
chromium or tungsten, all of which would be suitable for this purpose. Alternatively, thin 
films of titanium, gold or tungsten could be applied using a sol-gel process. Other options 

5 for applying a conductive coating to the wafer will be apparent to those skilled in the art of 
semiconductor fabrication, and include thermal curing of materials such as conductive 
epoxy resins, or use of electrically conductive gels obtained by the galvanoplastic process. 

It will be apparent to those skilled in the art that various modifications and 
variations can be made to the present invention without departing from the spirit or scope of 

10 the invention. Thus, it is intended that the present invention cover the modifications and 
variations of this invention provided they come within the scope of the appended claims and 
their equivalents. 

Any discussion of the background to the invention herein is included to explain the 
context of the invention. Where any document or information is referred to as "known " it is 

15 admitted only that it was known to at least one member of the public somewhere prior to the 
date of this application. Unless the content of the reference otherwise clearly indicates, no 
admission is made that such knowledge was available to the public or to experts in the art 
to which the invention relates in any particular country (whether a member-state of the PCT 
or not), nor that it was known or disclosed before the invention was made or prior to any 

20 claimed date. Further, no admission is made that any document or information forms part 
of the common general knowledge of the art either on a world-wide basis or in any country 
and it is not believed that any of it does so. 
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Claims 




1 . Integrated optical chip having a crystalline structure cut along parallel principle 
crystallographic planes and a thickness of less than 1.0mm, an optical signal pathway 

5 being disposed generally longitudinally in one of the cut surfaces of the chip, wherein 
the chip is attached to a substrate material having similar coefficients of thermal 
expansion in the said principal crystallographic plane, characterised by a grounding 
plane disposed between the chip and substrate providing an electrically conductive path 
between opposite lateral surfaces of the chip, and the thickness of the substrate material 

1 0 being up to 1 .0mm. 

2. Integrated optical chip according to claim 1, wherein the lateral surfaces of the chip 
have an electrically conductive coating. 

15 3 . Integrated optical chip according to claim 1 or 2, wherein the chip comprises lithium 
niobate. 

4. Integrated optical chip according to claim 3, wherein the substrate material comprises a 
ceramic thermoset polymer composite. 

20 

5. Integrated optical chip according to any of claims 1 to 3, wherein the substrate material 
comprises the same material as that of the chip. 

6. Integrated optical chip according to any preceding claim, wherein the chip is attached to 
25 the substrate with adhesive. 

7. Integrated optical chip according to claim 6, wherein the adhesive comprises epoxy 
resin. 

30 8. Integrated optical chip according to any preceding claim, wherein the electrically 
conductive path comprises a metallised layer. 
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9. Integrated optical chip according to any preceding claim, wherein the thickness of the 
chip is less than 0.5mm. 

1 0. Integrated optical chip according to claim 9, wherein the thickness of the chip is less 
5 than 0.25mm. 

1 1. Method of manufacturing an integrated optical chip, the chip having a crystalline 
structure cut along parallel principle crystallographic planes and a thickness of less than 
1 .0mm, an optical signal pathway being disposed in one of the cut surfaces of the chip, 
the method comprising the steps of: 

(i) forming at least one optical signal pathway in one surface of a crystalline 
wafer cut along parallel principle crystallographic planes; 

(ii) applying an electrically conductive layer to the opposite surface of the 
crystalline wafer to that of the optical signal pathway; 

(iii) attaching a substrate material slab on the metallised surface of the crystalline 
wafer, the slab having a thickness up to 1 .0mm and similar coefficients of 
thermal expansion in the said principal crystallographic plane; 

(iv) dicing a composite chip on substrate from the wafer-slab structure, the 
composite chip comprising a substrate and at least one optical signal pathway 
extending generally longitudinally with respect to the composite chip; and 

(v) applying an electrically conductive path to the lateral surfaces of the 
composite chip. 

12. Method of mounting an integrated optical chip on a substrate according to claim 11, 
25 wherein the surface of the composite chip on which the optical signal pathway is 

formed and the longitudinal end surfaces between which the optical signal pathway 
extends are masked prior to applying an electrically conductive path. 

13. Method of mounting an integrated optical chip on a substrate according to claim 1 1 or 
30 12, wherein the crystalline wafer comprises lithium niobate. 

14. Method of mounting an integrated optical chip on a substrate according to claim 13, 
wherein the substrate material comprises a ceramic thermoset polymer composite. 
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15. Method of mounting an integrated optical chip on a substrate according to any of claims 
1 1 to 13, wherein the substrate material comprises the same material as that of the chip. 

5 16. Method of mounting an integrated optical chip on a substrate according to any of claims 
1 1 to 15, wherein the chip is bonded on the substrate with adhesive. 

17. Method of mounting an integrated optical chip on a substrate according to claim 16, 
wherein the electrically conductive layer comprises a metallised grounding plane and 

10 the adhesive comprises epoxy resin. 

18. Method of mounting an integrated optical chip on a substrate according to claim 17, 
wherein the metallised grounding plane is deposited by an electron beam evaporation 
process. 

15 

19. Method of mounting an integrated optical chip on a substrate according to claim 16, 
wherein the adhesive is electrically conductive. 

20. Method of mounting an integrated optical chip on a substrate according to any of claims 
20 1 1 to 19, wherein the electrically conductive path comprises a metallised layer. 

21 . Method of mounting an integrated optical chip on a substrate according to claim 20, 
wherein the metallised layer comprises a composite layer of two metals selected from 
titanium, gold, aluminium, nickel, chromium and tungsten. 

25 

22. Method of mounting an integrated optical chip on a substrate according to claim 20 or 
21 , wherein the metallised layer is deposited by an electron beam evaporation process. 
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ABSTRACT 
Integrated Optical Chip 

An integrated optical chip has a crystalline structure cut along parallel principle 

crystallographic planes and a thickness of less than 1 .Omm. An optical signal pathway is 

5 disposed generally longitudinally in one of the cut surfaces of the chip, and the chip is 
attached to a substrate material up to 1 .0 mm thick and having similar coefficients of 
thermal expansion in that principal crystallographic plane. A grounding plane (13) is 
disposed between the chip (33) and substrate (35) to provide an electrically conductive path 
between opposite lateral surfaces of the chip. A method of making the chip is also 

10 described. 
(Figure 4) 
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